ABSTRACT. We investigated the expression levels of high-mobility group box protein 1 (HMGB-1), CXC chemokine ligand 16 (CXCL16), microRNA (miRNA)-30a and transforming growth factor b1 (TGF-b1) in primary nephritic syndrome (PNS) patients and the clinical significance of this expression. A total of 56 patients with PNS were included in the PNS group, while 50 healthy subjects formed the normal control group. Serum levels of HMGB-1, CXCL16, miRNA-30a, and urinary TGF-b1 concentrations were quantified along with other biochemical indices, including serum albumin, triglyceride (TG), total cholesterol (TC), lowdensity lipoprotein (LDL), high-density lipoprotein, and urinary proteins. The correlation between levels of HMGB-1, CXCL16, miRNA-30a, and TGF-b1 and biochemical indexes was further analyzed. PNS group patients had significantly higher levels of HMGB-1, CXCL16, miRNA30a, and TGF-b1 compared to the control group (P < 0.05). PNS patients also had higher 24-h urinary protein, TG, TC, and LDL levels but lower serum albumin compared to subjects in the control group (P < 0.05). Serum HMGB-1, CXCL16, miRNA-30a, and urinary TGF-b1 levels were all negatively correlated with serum albumin levels, but were positively correlated with TG, TC, LDL, and 24-h urinary protein (P < 0.05 in all cases). Additionally, a positive correlation existed among serum HMGB-1, CXCL16, miRNA-30a, and urinary TGF-b1 levels (P < 0.01). HMGB-1, CXCL16, miRNA-30a, and urinary TGF-b1 were highly expressed in PNS patients and may play important roles in the pathogenesis and development of PNS.
INTRODUCTION
Primary nephritic syndrome (PNS) is a class of systematic inflammation-related immune disorders caused by multiple factors, with a pathological basis consisting of elevated permeability of the glomerular basement membrane. Currently, little has been known about the pathogenesis of PNS, although cellular mechanisms, inflammatory mediators, immune disorders, and genetic molecules are involved, with major contributions from immune induction and inflammatory damage (Gigante et al., 2014; Wu et al., 2014) . As a result, the role of immune inflammatory response-mediating factors, including nuclear factor-kB, tumor necrosis factor-a, interleukin-1, interleukin-6, and interleukin-8, in the pathogenesis and development of PNS has become an active field in clinical studies and has received considerable attention (Urbonaviciute et al., 2008) .
In recent years, novel cytokines and biomarkers have been developed as more comprehensive studies have examined PNS pathogenesis, and significant progress has been made in molecular biology, thereby providing new pathways for the study of PNS pathogenesis (Urbonaviciute et al., 2007) . High-mobility group box protein 1 (HMGB-1) was found to be a novel inflammatory cytokine and has been reported to be highly expressed in the serum of chronic renal dysfunction patients (Li et al., 2011) . CXC chemokine ligand 16 (CXCL16) is the only known chemokine that can exert its chemotactic activity in both transmembrane and soluble forms. CXCL16 has been found to be closely related to acute renal tubular injury (Stojković et al., 2014) . The relationship between CXCL16 and PNS occurrence and its developmental mechanism has not been thoroughly examined. MicroRNA (miRNA)-30a is a biomarker that widely participates in various physiological processes, including cell proliferation, apoptosis, immune response, and metabolism. Previous studies have confirmed the close relationship between miRNA-30a and PNS pathogenesis. Transforming growth factor (TGF)-b1 is a pluripotent cytokine with important roles in the progression of renal disease (Zhen and Cao, 2014) , but few studies have examined its potential roles in the pathogenesis and progression of PNS. Based on these previous studies, we measured the expression levels of HMGB-1, CXCL16, miRNA-30a, and TGF-b1 to provide information useful for the development of novel drug targets against PNS.
MATERIAL AND METHODS

Patient information
A total of 56 PNS patients admitted to our hospital between June 2013 and June 2014 were included in the PNS group. All included patients fit the diagnostic standard stipulated by the symposium of typing, diagnostic, and treatment standards of primary glomerular disease in 1992 (Aloni et al., 2014) and had no history of PNS. There were 32 males and 24 females, aged 32-75 years (average = 43.5 ± 5.4 years). Another cohort of 50 healthy adults who received routine physical examinations in our hospital was included as the control group. There were 28 males and 22 females in the control group, aged 34-76 years (average = 44.2 ± 5.6 years). There was no statistically significant difference regarding age and gender between the PNS group and the control group patients (P > 0.05). The following exclusion criteria were used: 1) patients complicated with other secondary nephritic syndromes; 2) patients with tumors, severe kidney, liver or heart disease, or with inflammatory disease within last 3 months; 3) had received immunosuppressant or glucocorticoid medicines within 1 week.
Sample collection
First, 5 mL fasting peripheral venous blood was collected from PNS patients in the morning 2 days after being admitted and from control subjects on the same day of physical examinations. Blood samples stored in ethylenediaminetetraacetic acid anti-coagulant tubes were centrifuged to collect the serum, which was stored at -70°C. Additionally, 5 mL 24-h urine samples (from 8:00 am on the same day of blood sample collection to 8:00 am on the next day) from both groups were collected.
Biochemical assays
For biochemical assays, 3 mL blood samples were quantified for biochemical indices, including serum albumin, triglyceride (TG), total cholesterol (TC), low-density lipoprotein (LDL), and high-density lipoprotein using a Beckman Coulter automatic biochemical analyzer (Model AU5800, Brea, CA, USA). Additionally, 3 mL urine samples were quantified for 24-h urinary proteins using the chemical method. Furthermore, 2 mL blood samples were quantified for serum HMGB-1 and CXCL16 levels using an enzyme-linked immunosorbent assay following the kit manual instructions. Briefly, standard samples were diluted and test samples were added. After warm incubation and washing, enzyme reagents were added for further incubation. Chromogenic substrates were added for color development, which was quantified after the stopping point. Total RNA was extracted from the blood samples and measured for the expression level of miRNA-30a using real-time fluorescent quantitative polymerase chain reaction. Briefly, miRNA-30a-specific primers (forward: 5'-AAATG GTGAA GGTCG GTGTG-3'; reverse: 5'-TGAAG GGGTC GTTGA TGG-3') were used for in vitro reverse transcription reactions using 100 mM dNTP as the substrate. miRNA concentrations were detected using a real-time fluorescent method with the amplification curve of miRNA-30a as shown in Figure 1 . All polymerase chain reaction data were normalized and calculated for the relative expression level of miRNA-30a using 2 -DDCT method (DCT = CT miR-30a -CT cel-miR-39 ). Finally, urinary TGF-b1 levels were assayed by enzyme-linked immunosorbent assay kit from 2 mL urine samples following the manual instruction (Wang et al., 2014) . 
Statistical analysis
The SPSS 20.0 software was used to process all collected data (SPSS, Inc., Chicago, IL, USA), in which quantitative data are reported as means ± SE. The Student t-test was used to compare all biochemical indices, including HMGB-1, CXCL16, miRNA-30a, and TGF-b1 between the PNS and control groups. Spearman correlation analysis was further employed to analyze the relationship between the levels of HMGB-1, CXCL16, miRNA30a, and TGF-b1 and all biochemical indices. Statistical significance was defined when P < 0.05.
RESULTS
Comparisons of serum HMGB-1, CXCL16, miRNA-30a, and urinary TGF-β1 levels As shown in Table 1 , PNS patients had significantly higher serum HMGB-1, CXCL16, miRNA-30a, and urinary TGF-b1 levels compared to subjects in the normal group (P < 0.05).
Biochemical indices between groups
In PNS patients, 24-h urinary proteins, TG, TC, and LDL levels were all significantly higher than those in the control group (P < 0.05; Table 2 ). The serum albumin level, however, was lower in PNS patients compared to normal subjects (P < 0.05). No statistically significant difference was found in high-density lipoprotein levels between the 2 groups (P > 0.05). 6.74 ± 3.15* -Data are reported as means ± SE. *P < 0.05 compared to control group.
Table 2. Biochemical indices between primary nephritic syndrome (PNS) patients and normal controls.
Correlation analysis between levels of HMGB-1, CXCL16, miRNA-30a, and TGF-β1 and biochemical indices Table 3 shows that the levels of HMGB-1, CXCL161, miRNA-30a, and TGF-b1were negatively correlated with serum albumin levels (r = -5.432, -5.246, -3.142, and -2.813; P < 0.01 in all cases) and were positively related to TG (r = 0.347, 0.365, 0.293, and 0.271; P < 0.05 in all cases), TC (r = 0.516, 0.323, 0.318, and 0.353; P < 0.01 in all cases), LDL (r = 0.258, 0.273, 0.219, and 0.213; P < 0.05 in all cases), and 24-h urinary proteins (r = 0.764, 0.736, 0.675, and 0.643; P < 0.01 in all cases). Spearman correlation analysis also revealed positive relationships among HMGB-1, CXCL16, miRNA-30a, and TGF-b1 levels (r = 0.643, P < 0.01). 
DISCUSSION
As an abundantly expressed and highly conserved protein, HMGB-1 is both actively secreted and passively released (Wu et al., 2010) . During passive release, HMGB-1 exerts negative effects on the body such as the induction of a systematic inflammatory response, destruction of epithelial barriers, and impairments in organ functions. Thus, HMGB-1 has been referred to as a "risk signal" based on its inflammatory tissue damages and cell necrosis, and may participate in cell necrosis as an important inflammatory cytokine (Robinson et al., 2013) . This study revealed higher serum expression level of HMGB-1 in PNS patients than in control subjects ( Table 1 ), suggesting that HMGB-1 is an important factor in the pathogenesis and progression of PNS. Although the detailed role of HMGB-1 in PNS pathogenesis has not been elucidated, its expression in the serum of renal disease patients and potential mechanisms have been widely reported. For example, the Toll-like receptor 4 signaling pathway is involved in the HMGB-1-activated peripheral blood mononuclear cell pathway, which further leads to the release of inflammatory cytokines, causing the failure of multiple organs, particularly the kidneys (Gabryel et al., 2011) . Additionally, we found that HMGB-1 was negatively correlated with serum albumin levels and was positively related with TG, TC, LDL, and 24-h urinary proteins (Table 3) , suggesting a positive relationship between HMGB-1 expression and renal dysfunction. This is consistent with the results of previous studies, which reported that acute renal injuries significantly elevated HMGB-1 levels, but these levels can be improved by anti-inflammation treatment with glutamine (Feng et al., 2008) . Thus, the HMGB-1 induced inflammatory response may be an important mechanism underlying the pathogenesis and progression of PNS.
CXCL16 is the only known chemokine that exists as both a transmembrane and a soluble molecule. We found higher serum CXCL16 levels in PNS patients than in healthy subjects (Table 1) , suggesting potential roles for HMGB-1 in the pathogenesis and progression of PNS. Numerous studies have examined the role of CXCL16 in various acute and chronic renal diseases. The blocking of CXCL16, for example, can significantly inhibit the infiltration of monocytes and macrophages during the advanced stage or acute inflammation stage of nephritis, thereby lowering urinary protein levels and ameliorating glomerular injuries (Han et al., 2014) . The current study revealed a negative relationship between CXCL16 levels and serum albumin, as well as positive relationships between CXCL16 levels and indices such as TG, TC, LDL, and 24-h urinary proteins (Table 3) , suggesting a positive relationship between CXCL16 levels and the degree of renal injuries. Consistent with such observations, when the body is under inflammatory response, the CXCL16-induced specific chemotactic response can help highly expressed T lymphocytes to migrate to the inflammatory site, further advancing the inflammatory response (Kalliomaki et al., 2014) . Another study in glomerulonephritis model rats found high expression levels of CXCL16 in glomerular endothelial cells, where CXCL16 exerted a critical role in glomerular infiltration . Therefore, CXCL16 may induce inflammatory cells to migrate to the inflammatory renal tissues via its inherent chemotactic activity, further advancing the condition of PNS (Wittel et al., 2014) .
As a family of single-stranded non-coding small RNA molecules consisting of 18-24 nucleotides, miRNA-30a is widely distributed and has a highly conserved sequence. Clinical studies have revealed an inhibitory role of miRNA-30a in the transformation of epithelial cells into mesenchymal cells. miRNA-30a showed decreased expression in non-small cell lung cancer patients. However, the exact origin, expressional profiles, and pathological roles of miRNA-30a in PNS patients remain unknown. This study revealed higher concentrations of miRNA30a in the serum of PNS patients compared to controls (Table 1) , in addition to a negative relationship with serum albumin levels and positive correlations with TG, TC, LDL, and 24-h urinary proteins (Table 3) . These results suggest a potential role for miRNA-30a in the pathogenesis and development of PNS, providing valuable guidance for diagnosis and treatment.
As suggested by previous studies, the high expression of TGF-b1 constitutes the pathological basis of tissue fibrosis and plays an important role in the progression of renal diseases (Liu et al., 2014) . Renal cells are the major origin of urinary TGF-b1, as well as its functional targets (Chun et al., 2014) . We observed higher urinary TGF-b1 levels in PNS patients than in control subjects (Table 1) , as well as a negative relationship between serum albumin level and positive relationships with TG, TC, LDL, and 24-h urinary proteins (Table 3) . These data collectively indicate a potential role of TGF-b1 in PNS occurrence and development (Papadimitriou et al., 2014) . Therefore, it is critical to closely monitor urinary TGF-b1 levels in order to prevent kidney fibrosis in PNS patients (Dursun et al., 2013) . Additionally, we found a positive relationship among HMGB-1, CXCL16, and urinary TGF-b1 levels, suggesting a potential synergistic effect of these factors in the pathogenesis and progression of PNS (Ladapo et al., 2014) , although the detailed mechanisms remain unknown.
In summary, HMGB-1, CXCL16, and TGF-b1 are highly expressed in PNS patients, suggesting their potencies in the disease course of PNS. These factors, as well as miRNA-30a, may be used as clinical indices for monitoring treatment efficacy and predicting prognosis, and as targets for the development of next-generation drugs against PNS, although more comprehensive studies are required to elucidate their potential synergistic effects and detailed mechanisms.
